Abstract. Major software companies, such as Apple and Google, are disturbing the relatively safe and established actors of the mobile application business. These newcomers have caused significant structural changes by imposing and enforcing their own rules for the future of mobile application development. The implications of these changes do not only concern the mobile network operators and mobile phone manufacturers. This changed environment also brings additional opportunities and constraints for current mobile application developers. Therefore, developers need to assess what their options are and how they can take advantages of these current trends. In this paper, we take a developer's perspective in order to explore how the structural changes will influence the mobile application development markets. Moreover, we discuss what aspects developers need to take into account in order to position themselves within the current trends.
Introduction
Mobile computing has caught the attention of the research community for quite some time and has also reached the commercial industry and mainstream consumers via smartphones and PDAs. More than ever, such devices can run rich stand-alone applications as well as distributed client-server applications that access information via a web gateway. This opens new avenues for future mobile application and service development. During many years, the development of mobile services was mostly controlled and managed by the mobile network operators (MNO), phone manufacturers, and some mobile application and content providers. Recently, this has changed with the arrival of new mobile phones and platforms such as the iPhone. Development of mobile applications has generated more interest among the independent and freelance developers. The constant improvement of hardware related to mobile computing (e.g., better computing power, larger wireless network bandwidth) clearly enhance capabilities of mobile devices. The potential of the mobile application market is seen to reach $9 billion by 2011, according to Compass Intelligence 1 . Traditionally, in the mobile application industry, there are several actors intervening along the value chain [1, 2, 3, 4, 6, 10, 15] , in which each actor has its own importance. The current trends indicate that the market structure and value chain are evolving. Roles are changed, combined and exchanged. Some lost some control on the device (i.e., MNO), some got new revenues streams (i.e., Portal provider), and some became more seamlessly integrated into the platforms (e.g., financial institutions, content providers).
In this paper, we define platform providers as providers of operating systems and development tools to enable the creations of high level applications. The current mobile development market is dominated by five big Platform providers namely: Nokia with its Symbian OS (46.6%), 2 Apple with its iPhone OS (17.3%), RIM with its Blackberry OS (15.2%), Microsoft with its Windows CE OS family (13.6%), and LiMo Foundation with its Linux Mobile operating system (5.1%). Furthermore, Google recently launched its Android operating system and is expected to rapidly become part of the big players in the industry. In this paper, we provide a thorough analysis of the current mobile development landscape with hints of future trends as well as indications for developers on what aspects can be used to position themselves in the market. In order to structure our analysis, we propose to describe the current practices by examining the development tools, the different types of portals, and the different levels of platform integrations.
This paper is organized as follows: Section 2 provides a detailed analysis of the current mobile development platform landscape. Then Section 3 points out current trends in the industry. Section 4 analyses the choices independent developers face when deciding for which platform(s) they want to develop. Finally, Section 5 concludes and provides an outlook on future research opportunities.
Current Practices
To structure the description of the current practices, we propose to examine the current mobile development platforms from the point of view of individual mobile application developers. We start by classifying the platforms in different categories depending on the three main components depicted in Figure 1 . First, the developer uses development tools to build its mobile application. Second, the developer publishes its application on a portal, from which the consumer can download the application onto its mobile device. This model, adapted from [1] , includes developers, the application portal, consumers, and all the processes related to the publishing and purchasing of a mobile application.
This model (Figure 1 ) supports us to separate and examine three main issues, which are addressed in different subsections. In 2.1, we look at the different kinds of development tools that are supported. This helps to characterize the type of technology each platform provides for developers (e.g., software development kit). More precisely, we determine if the technology provided has an open access or not (i.e., opensource versus proprietary sources). In 2.2, we describe the different types of portals for each platforms. We characterize portals that act as intermediaries between developers and consumers. We differentiate between centralized and decentralized portals. In 2.3., we look at the level of integration of each platform, from no integration to a full distribution model integration.
Development tools
Central to every development platform is its software development kit (SDK), which enables third party developers to deliver applications running on the platform. 
Portals
In order for applications to pass from developers to consumers, an application portal must be created. Mobile portals are considered to be an essential element in the mobile application distribution process since they play the role of intermediary between developers and consumers. Some scholars predicted that the number of portals would increase [4] , whereas others predicted that the portal market would consolidate given time [3] . In the current market, both phenomena are present. Some platforms use a centralized single point of sale strategy and others use a decentralized multiple points of sale strategy.
Decentralized portal. Nokia, Linux, Microsoft, and LiMo have a decentralized portal approach. Developers can freely upload their applications on any thirdparty portal, as there is no centralized policy. In this model, all portal providers can freely compete in order to gain customers and applications. The downside for the consumer is that the great variety of portals does not provide a comprehensive oversight of existing applications.
Centralized portal. In this model, one portal is proposed as the main portal on which most applications are published. This approach gives the main portal provider a competitive advantage over others. Apple and Google propose such a single point of sale with the AppStore and the Android Market. However, these two platforms have a different approach. Apple pushes for a unique and exclusive portal with a strict application review process. This restrictive approach has led to the creation of alternative "black" portals such as Installer and Cydia. Google, on the other hand, does not restrict the publication of applications to its portal and does not plan to review applications prior to publication.
Platform integration
Some platforms focus on their core business, which is to provide an OS with programming support for developers, whereas others integrate the entire distribution process. Hereafter, we classify platforms according to their level of integration similarly to [7] , but instead of taking into account the whole value chain, we focus on the distribution process, where we identified four different types of integrations, namely full integration, portal integration as well as device integration and no integration (see Figure 2) . integration. Apple produces the device on which its OS runs, namely its iPhone, and it owns the unique authorized portal for mobile applications, namely the AppStore. Furthermore, Apple also plays the role of content provider with the iTunes store available on the iPhone. Similarly, Nokia manufactures its phones and provides an application portal as well as other content via its OVI 3 portal.
Portal integration. Platforms with portal integration focus on application development and application sale by integrating a portal, as depicted in Figure 2 .. Google provide such an integration with its Android Market. Conversely to Apple, Google does not manufacture the mobile phones on which its OS runs. Nevertheless, they have a strong relationship with a manufacturer on which the platform runs for the moment, namely HTC. No integration. Platforms with no integration focus only on their core business as depicted in Figure 2 .. For example, Microsoft does not manufacture mobile devices, nor provide an application portal.
Trends
Over the past few years, we have observed that the relatively stable market has evolved in three distinct directions. First, there seems to be a strong trend towards portal centralization. Second, there is an increased number of actors providing open source technology. Third, platforms are moving towards a higher level of integration.
Towards portal centralization
Prior to the introduction of Apple's AppStore and more recently Google's Android Market, platforms did not have a central portal. With the introduction of its AppStore, Apple has proven that a mobile application market should not be underestimated and can represent an important revenue stream. According to CEO Steve Jobs, the AppStore has generated a revenue of a million dollars a day in its first month of existence. 4 There are currently 15000 applications on the portal, which have been downloaded a total of 500 million times. Note that these figures grew by 50% in the last month.
5 Following Apple's lead, traditional platforms like Nokia, RIM and Microsoft seem to be moving in this direction. Nokia is pushing its OVI portal and RIM has developed its own Application Center. Microsoft is also planning to launch its own version of the AppStore called SkyMarket with the next version of Windows Mobile (WM7). 
Towards technological openness
Among the major mobile platforms, LiMo used to be the only player in the open source field. Nokia has moved in this direction after acquiring Symbian OS. Google has also followed this trend. The transition phase from a closed to an open architecture will be critical for the future success of the platform [5] . The shift, depicted in 
Towards full integration
Another trend is the emergence of more integrated platforms, as shown in Figure 5 . Before the introduction of Apple's platform, there was no fully integrated mobile platform. Moreover, there was no platform with portal integration before the introduction of Google's platform. Symbian OS is an example of the trend towards integration since it started as a platform with no integration, before it was integrated by Nokia to become a device integrated platform and finally by launching OVI, it became fully integrated. RIM is also expected to soon become fully integrated with the introduction of its Application Center. Furthermore, with Microsoft moving towards portal integration there will be no major platform left without integration. Some scholars have also hinted that an intermediary could play an integrating role in the mobile development industry [3, 4, 10, 15] . The more surprising observation is the fact that mainly phone manufacturer companies and software development companies have played this integration role and not so much MNOs as was the intuition of most of these scholars. 
Implications for Developers
Hereafter we analyse the implication for developers of the three market trends presented in the previous section. In fact, the centralization of portal changes the way developers can distribute their application and reach a mass-market of consumers. The technological openness implies that developers would use different standards to develop their application and somehow work in a more collaborative mode. Then, highly-integrated platforms offer more possibilities to develop more sophisticated applications and services. These trends can be seen as opportunities but also threats for developers. Therefore, it is crucial that developers have a good understanding of the possible implications of each trend. They need to be able to choose the platform for which they want to develop knowing all the implications.
Implications of portal centralization
Portal centralization is an major shift for developers. It allows them to reach all potential customers through one shop, which takes care of the administrative tasks, such as billing and advertising. On top of these deployment facilities comes the fact that platforms providing centralized portals count on application sales to increase their revenue and therefore heavily promote application downloads and thus widely increasing the pool of potential consumers. This promotion is mostly done through advertising, but more importantly through greatly enhanced user interfaces. Before the emergence of centralized portals it took a expert user to download and install third-party applications, usually involving an internet search and a credit card payment, on a personal computer and then a file transfer via Bluetooth. Now it has become a "one-click" operation directly executable on the mobile device. Moreover, platforms can leverage on user communities which also promote applications using the reviewing features of the shops. A negative side of strong centralization for developers is that they might have to conform to certain rules defined by the portal provider. This problem can be observed with Apple's AppStore, which rules over which applications will be sold and which will be banned based on non-transparent criteria. To overcome these restrictions, the developer community has built alternative portals (Installer, Cydia) where developers can publish their applications. Unfortunately, only tech-savvy customers shop on such black markets, since phones must undergo a "jailbreak" procedure before they can access them.
Implications of technological openness
A move towards open source software offers two kinds of opportunities for application developers. First, as mentioned previously, moving towards open technology allows platform providers to reduce development costs and possibly increase the number of consumers. A greater number of platform consumers implies a greater number of potential application consumers for developers. Second, an open source project can provide career opportunities for developers willing to contribute to the platform development [8, 9, 13] .
Implications of platform integration
The emergence of fully integrated end-to-end ecosystems, where the same people sell applications, manufacture devices and create their operating system, creates a coherent end-to-end approach, which makes it easier for applications to be developed, published, purchased, and used. There is less compatibility issues, which is a major problem in heterogeneous systems, where applications have to be fine-tune for specific devices with different display size for example. A drawback of high integration is the lack of alternatives if the solutions proposed by the platform do not suit the developer. Furthermore, higher integration means less need for platform interoperability, which implies that developers have to take sides and choose their preferred platform between the different contenders.
Implication of the platform choice
Choosing between platforms is not trivial for independent developers. We propose three criteria besides the personal identification with the platform, which plays a key role for some developers [8] .
Income. First, the number of potential consumers who can be reached. A central aspect of the three previously mentionned trends is the fact that they increase the number of potential consumers through a mechanism such as lower prices, increase of usability, and better service. A higher number of consumers has the consequence of making the platform more appealing for developers, which will produce consequently more applications, which will make the platform more attractive for consumers. This creates a positive feedback loop, also called twosided network effects [14, 11] . Over the last year Apple has exhibited the strongest increase in consumers and mobile application developers, whereas Nokia still has the largest pool of potential consumers but fails to attract developers. Even though Apple is behind in the total number of consumers, it has the advantage of providing a centralized portal which facilitates consumer access.
Career. A second criterion could be the career opportunities that application development can lead to, i.e., being hired by a platform provider. As indicated above, open source development allows any developers to start working on the platform and possibly reach the committer level and then be hired by the company. With proprietary platforms only employees have access to the code therefore developers must first be hired. To increase their chances become recognized in the community, developers should join a young open source project [13] . Nokia and Google offer such an environment and the opportunities linked with it.
Freedom. Third, creative freedom is important to freelance developers. They must feel that they can program what they want. A well-prepared software development kit and an attractive mobile device in terms of features and performance can really generate interest and enthusiasm among independent developers. However, too many restrictions from the platforms can also produce negative effects. Therefore, open source platforms tend to provide more development freedom. LiMo and Google offer the best alternatives according to this criterion.
Conclusion
In this paper, we described the implications that different market and technology trends have on the mobile application development market. The current evolutions show that the game for the developers has changed dramatically. There are many new opportunities for them to develop, distribute, and generate significant revenues with the emerging mobile application portals. Since the mobile application development landscape has substantially changed over the past several years, mobile development platforms have become more integrated and generally play the role of application portal, device manufacturer or both. As discussed in the paper, application portals tend to become more centralized, facilitating the link between developers and consumers. Moreover, several new platforms entered the open source community to lower their costs and possibly extend their consumer market by lowering prices and as a consequence increase their developer pool. In this changing environment, choosing for which platform to develop reveals to be challenging and we proposed three simple criteria: market size and accessibility, career opportunities, and creative freedom.
